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BAckgROund
The annual incidence of femoral fractures exclusive of the hip 
is 37.1/100,000 person-years, of which diaphyseal fractures 
account for 8%.[1] The majority are caused by severe trauma 
and occur most commonly in young patients with a male 
predominance.[1] Femoral diaphyseal fractures are typically 
managed with intramedullary nailing, a method of treatment 
introduced by Kuntscher. This has significant advantages over 
other methods of management including early mobilization, 
reduced hospital stay, and reduced morbidity.[2] However, 
complications are associated with intramedullary nailing 
which include infection, nonunion, malunion, limb shortening, 
femoral neck fracture, proximal diaphyseal comminution, 
and pseudoarthroses, which were frequently observed during 
the development of the technique.[2] Unfortunately, despite 
improved technology and surgical techniques, orthopedic 
surgeons are still faced with the consequences of adverse 
outcomes of intramedullary nailing, particularly nonunion, 
infection, venous thromboembolism (VTE), amputation, and 
revision of the nail. It is, therefore, important that surgeons 
explore whether the management of femoral diaphyseal 
fractures can be improved, both surgically and medically, to 
reduce complication rates.
Objectives
The aim of this study was to identify independent predictors 
of complications after intramedullary nailing of femoral 
diaphyseal fractures in young adults.
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pAtients And MethOds
The data for this study were obtained during normal clinical 
follow-up within the health-care system of the reporting 
country; hence, ethical approval was not required. We 
identified 59 adult patients (aged 13–55 years) who had 
sustained a high energy femoral diaphyseal fracture that were 
subsequently treated with intramedullary nailing over a 3-year 
period (2008–2010). These patients were retrospectively 
identified from a radiographic database (Kodak© picture 
archiving and communication system) at the study center; 
patients out with the study area were excluded as follow-up 
of these patients would be incomplete. Demographic data 
were recorded retrospectively for each patient, which included 
age, gender, employment status, smoking status, alcohol 
intake (excessive defined as >30 units/week), whether the 
patient had diabetes mellitus, and if they were an intravenous 
drug user (IVDU). In addition, we also recorded the postcode 
for each patient and assigned each patient a socioeconomic 
status using the Scottish Index of Multiple Deprivation. This 
index takes into account: employment, income, crime, housing, 
health, education, and access to services, and patients were 
allocated to a social quintile according to their postcode, 
which ranged from deprivation decile one (most deprived) to 
ten (least deprived). The mechanism of injury, fracture pattern, 
presence of comminution, and whether it was closed or open 
was recorded from the original radiographs and patient notes 
at the time of injury.
Patients were reviewed both clinically and radiographically 
until union of the fracture by the treating consultant orthopedic 
surgeon. Five major complications were defined: nonunion, 
infection, VTE, amputation, and patients that had revision 
surgery (nail failure). These were recorded from the patients’ 
notes postoperatively.
Statistical analysis was performed using the Statistical 
Package for the Social Sciences version 17.0 (SPSS Inc., 
Chicago, IL, USA). Parametric tests were used to assess 
age for significant differences between groups as this linear 
variable demonstrated a normal distribution, using a Student’s 
t-test. Pearson’s correlation was used to assess the correlation 
between linear variables (age and decile). Dichotomous 
variables were assessed using a Chi-square or Fisher’s exact 
test if one variable was <10. Multivariate logistic bivariate 
regression analysis was used to identify independent predictors 
of outcome; all predictors were entered into the model using 
forward stepwise conditional methodology. P ≤ 0.05 was set 
as our level of statistical significance.
Results
The mean age for the study cohort was 38 years old (standard 
deviation (SD) 12.2). There were 41 (69.5%) male and 
18 (30.5%) female patients. The mode decile for the 
deprivation score was 5 (minimum 0 to maximum 10), with 
a mean of 4.0 (range 2–9, SD 1.6). Eleven patients (18.6%) 
were unemployed, nine (15.3%) were smokers, seven (11.9%) 
consumed more than 30 units of alcohol per week, a single 
patient (1.7%) suffered with diabetes mellitus, and three (5.1%) 
were IVDU at the time of their injury. Ten patients (16.9%) 
sustained comminuted fractures, and eight (13.6%) were open, 
of which two were grade I, three were Grade II, and three 
were Grade III.
There were 31 complications in total experienced by 
22 patients. There were 7 nonunions, 5 deep infections, 
4 VTE events, and 2 amputations, and 13 patients underwent 
revision surgery. Of the two amputees, one was undertaken in 
a previously fit patient who sustained a closed comminuted 
fracture and underwent revision with exchange nailing, for 
presumed nonunion although the indication for this was 
not stated in the patient notes. The second was undertaken 
secondary to deep infection in a patient with a known history 
of alcohol abuse.
Social deprivation (P = 0.048), presence of an open 
fracture (P = 0.016), and IVDU (P = 0.003) were all 
statically significant predictors of nonunion on univariate 
analysis [Table 1]. The only statically significant (P = 0.04) 
predictor of deep infection was excess alcohol, but there 
was also a trend toward significance for older age as a 
risk factor [Table 1]. Fracture comminution was the only 
significant (P = 0.001) predictor of VTE [Table 1]. There 
were no statically significant predictors of amputation, but 
excess alcohol demonstrated a trend toward significance 
for an increased risk of amputation [Table 1]. Excess 
alcohol (P = 0.017) and IVDU (P = 0.001) were significant 
predictors for revision of the nail; older age also demonstrated 
a trend toward significance as a predictor of revision [Table 1].
Regression analysis confirmed that IVDU (P = 0.036) and 
open fractures (P = 0.05) were isolated independent predictors 
of nonunion after femoral shaft fractures stabilized using 
an intramedullary nail [Table 2]. There was a trend toward 
significance (P = 0.07) for excess alcohol intake as an 
independent predictor of deep infection postintramedullary nail 
fixation of a femoral diaphyseal fracture [Table 3]. Fracture 
comminution (P = 0.015) was confirmed as an independent 
predictor of VTE postoperatively [Table 4]. There were, 
however, no significant independent predictors for amputation 
or revision after adjusting for confounding variables.
discussiOn
Nonunion of femoral shaft fractures following intramedullary 
nailing is a serious complication of surgery. Exchange 
reamed intramedullary nailing is currently the treatment 
of choice for most cases of femoral diaphyseal nonunion. 
It carries a low morbidity and allows full weight-bearing 
with active rehabilitation.[3] Augmentative plate fixation 
with or without bone grafting has been described to counter 
rotational instability[4,5] but should be used with caution when 
intramedullary nailing has been performed. The combined 
use of plating with nailing would place at risk the periosteal 
and endosteal blood supply, respectively, to the fracture site. 
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A study of 35 femoral nonunions managed primarily with 
intramedullary nailing, demonstrated that bone grafting alone 
proved insufficient and that dynamization predisposed to limb 
shortening, leading them concluded that exchange nailing was 
the treatment of choice.[6]
Our data demonstrated that an open fracture is an isolated 
independent predictor of nonunion of femoral shaft fractures 
stabilized using an intramedullary nail, a result consistent with 
other published literature. In a recent case–control study by 
Taitsman et al.,[7] 46 femoral diaphyseal nonunions following 
intramedullary nailing and 92 healed fractures (controls) were 
used to illustrate that an open fracture is a significant risk 
factor for nonunion. Open fractures may coexistent with other 
risk factors for nonunion such as fracture comminution and 
increased infection risk due to contamination. A recent study 
by Struijs et al.[8] found that an infected nonunion of the femur 
predominantly occurs as a consequence of severe open fractures 
with extensive comminution and segmental bone loss or after 
internal fixation of a comminuted closed fracture. Studies 
reporting exchange nailing or plate fixation combined with bone 
grafting at the stage of revision show good results, but few have 
discussed bone grafting plus intramedullary nailing as a primary 
measure. Mitchell et al.[9] reported 31 open femoral fractures 
with significant bone loss and concluded that satisfactory 
results could be achieved in the majority of such fractures by 
Table 1: Predictors of complication using univariate analysis
Predictors Presence of 
complication
Complication
Nonunion (yes/no) Infection (yes/no) VTE (yes/no) Amputation (yes/no) Revision (yes/no)
Age (years), 
mean (SD)
Yes 44.6 (9.6) 46.8 (9.7) 36.3 (6.3) 41.0 (11.3) 41.4 (9.1)
No 37.1 (12.6) 37.2 (12.1) 38.1 (12.5) 37.9 (12.3) 37.0 (2.8)
P* 0.13 0.1 0.63 0.73 0.1
Gender Male 4/37 3/38 3/38 2/39 10/31
Female 3/15 2/16 1/17 0/18 3/15
Pϯ 0.45 0.63 0.85 0.34 0.51
Decile Pϯ 0.048 0.54 0.75 0.26 0.61
Unemployed Yes 2/8 1/10 0/11 1/10 4/7
No 5/45 4/44 4/44 1/47 9/39
Pϯ 0.47 0.94 0.32 0.25 0.2
Smoker Yes 2/7 0/9 0/9 0/9 3/6
No 5/45 5/45 4/46 2/48 10/40
Pϯ 0.29 0.32 0.38 0.54 0.31
Excess 
alcohol
Yes 2/5 2/5 0/7 1/6 4/3
No 5/47 3/49 4/48 1/51 9/43
Pϯ 0.15 0.04 0.45 0.09 0.017
Diabetes Yes 0/1 0/1 0/1 0/1 0/1
No 7/51 5/53 4/54 2/56 13/45
Pϯ 0.71 0.76 0.77 0.85 0.59
IVDU Yes 2/1 0/3 0/3 0/3 3/0
No 5/51 5/51 5/52 2/54 10/46
Pϯ 0.003 0.59 0.62 0.74 0.001
Fracture 
comminution
Yes 2/8 1/9 3/7 0/10 2/8
No 5/44 4/45 1/48 2/47 11/38
Pϯ 0.38 0.85 0.001 0.52 0.82
Open fracture Yes 3/5 1/7 1/7 0/8 3/5
No 4/47 4/47 3/48 2/49 10/41
Pϯ 0.016 0.66 0.49 0.57 0.26
*t-test, ϯChi-square or Fisher’s exact test if <10 in a group. IVDU: Intravenous drug user, VTE: Venous thromboembolism, SD: Standard deviation
Table 2: Predictors of nonunion after a femoral 
diaphyseal fracture using bivariate logistic regression 
analysis (Nagelkerke R2=0.27)
Predictor B SE Wald Exp (B) 95.0% CI P
Lower Upper
IVDU 2.94 1.40 4.41 18.98 1.22 296.14 0.036
Open fracture 1.88 0.98 3.68 6.58 1.00 45.12 0.05
IVDU: Intravenous drug user, SE: Standard error, CI: Confidence interval
Table 3: Predictors of deep infection after a femoral 
diaphyseal fracture using bivariate logistic regression 
analysis (Nagelkerke R2=0.11)
Predictor B SE Wald Exp (B) 95.0% CI P
Lower Upper
Alcohol 1.84 1.03 3.19 6.27 0.84 46.90 0.07
SE: Standard error, CI: Confidence interval
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treatment with initial debridement and skeletal stabilization 
with further procedures, including bone grafting. However, a 
recent study by Song[10] followed 50 patients with comminuted 
femoral fractures treated with primary bone grafting and 
intramedullary nailing showed 100% union with an average 
union time of 5.6 months and perfect functional recovery, thus 
concluding this to be a preferable treatment method. Given 
the evidence to support the association between open femoral 
shaft fractures and nonunion following intramedullary nailing, 
which is confirmed as an independent predictor in our cohort, 
patients may benefit from primary bone grafting if possible or 
early exchange nailing if there are no signs of union.
We found that IVDU was an isolated independent predictor 
of nonunion after femoral shaft fractures stabilized using 
an intramedullary nail. Haug and Schwimmer[11] theorized 
that drug abuse adversely affects bone healing secondary to 
impaired nutrition and circulation. We were unable to identify 
published literature specifically examining the effects of 
IVDU on outcomes of fractures and management strategies 
to minimize those effects, suggesting that more research is 
required regarding this association. Clinicians, when managing 
femoral fractures in IVDU, should be aware that rates of 
nonunion are significantly increased in this group.
Our data showed that there was a trend toward significance for 
excess alcohol intake being an independent predictor of deep 
infection postintramedullary nail fixation of femoral diaphyseal 
fractures. There is a paucity of studies examining the association 
of alcohol excess and deep infection in trauma patients and 
of those that exist the results appear to be conflicting. A study 
on the nature and healing of tibial shaft fractures in alcohol 
abusers found no difference in complications’ rates, including 
deep infection, between patients who abused alcohol and 
those who did not.[12] Conversely, a study of 40 displaced 
proximal humeral fractures found that 10% of cases managed 
operatively developed deep infection and were subsequently 
found to be alcohol abusers.[13] Patients who abuse alcohol are 
at risk of infection secondary to a number of factors including 
malnutrition, liver disease and immune compromise.[14] Poor 
nutritional status has been shown to be associated with an 
increased risk of postoperative infection in orthopedic patients; 
a recent study of 213 total knee replacement (TKR) patients 
demonstrated a significant association between triceps skinfold 
thickness and postoperative infection risk.[15] While this may 
be more predictable in an elective setting, clinicians should 
be aware of an increased risk of infection in trauma patients 
who abuse alcohol.
The VTE has several well-recognized predisposing factors, 
notably surgery and trauma, and is responsible for a significant 
number of deaths each year.[16] Figures from the Global 
Orthopaedic Registry in 2010 showed that deep vein thrombosis 
(DVT) was the most common in-hospital complication for 
arthroplasty patients (total hip replacement 0.6% TKR 1.4%) 
and among the most common complication postdischarge.[17] 
The mainstay of treatment for VTE is anticoagulation, and 
guidelines advocate the use of low-molecular-weight heparin, 
unfractionated heparin, or fondaparinux, dependent on risk 
factors for individuals.[11] However, chemotherapeutic agents 
are not without their drawbacks, including bleeding and 
hematoma formation which may lead to infection, further 
surgical intervention and subsequent morbidity. As such 
intermittent compression devices have been widely used 
to good effect as demonstrated by several studies in terms 
of reducing the risk of symptomatic VTE disease and in 
some cases resulting in lower mortality when compared to 
pharmacological agents.[18]
Our data confirmed that fracture comminution is an 
independent predictor of VTE postoperatively following 
intramedullary stabilization of femoral shaft fractures. A recent 
study of 54 patients with DVT following a lower limb fracture 
showed that 18.5% were comminuted.[19] A higher degree 
of comminution is typically associated with high-energy 
trauma, which increases the risk of more extensive soft-tissue 
and vascular injuries. In a prospective study following 113 
seriously injured trauma patients, Knudson et al.[20] showed 
that patients who developed VTE were older, spent more 
hospital days immobilized, received more transfusions, and 
had clotting abnormalities on admission. Analysis of the 
current best available evidence investigating the administration 
of fondaparinux following joint arthroplasty or hip fracture 
surgery demonstrated a slight increase in the number of 
bleeding events when compared with enoxaparin.[21] A recent 
review of 127 patients with pelvic or acetabular fractures 
receiving either fondaparinux or enoxaparin showed a higher 
occurrence of VTE and also higher mean number of units of 
blood transfused postoperatively in the enoxaparin group, 
with no increase in adverse bleeding events in those patients 
receiving fondaparinux. These findings have been further 
supported by other studies which have also shown fondaparinux 
to compare favorably to compression devices as well as 
eliminating the risk of heparin-induced thrombocytopenia.[22] 
Furthermore, the robust analysis has shown fondaparinux to be 
more cost effective for the health-care system as a prophylactic 
agent against thromboembolism following major orthopedic 
surgery.[23] A further prophylactic modality to consider is the 
use of inferior vena cava (IVC) filters to protect against a 
pulmonary embolism. Their use is controversial, and current 
practice guidelines are conflicting, resulting in variation in 
practice. A recent meta-analysis representing 1900 trauma 
patients, using the meta-analysis of observational studies 
in epidemiology criteria, showed a decreased likelihood of 
pulmonary embolism among trauma patients who receive IVC 
Table 4: Predictors of venous thromboembolism after 
a femoral diaphyseal fracture using bivariate logistic 
regression analysis (Nagelkerke R2=0.29)
Predictor B SE Wald Exp (B) 95.0% CI P
Lower Upper
Fracture comminution 2.98 1.22 5.93 19.71 1.79 217.05 0.015
SE: Standard error, CI: Confidence interval
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filters but was unable to conclude for or against their routine 
use.[24] Another systematic review of the literature completed 
using PRISMA guidelines to evaluate complications of DVT 
prophylaxis in trauma was similarly inconclusive, noting the 
disadvantages of IVC filters including filter migration, IVC 
occlusion, and vessel wall damage and that complex trauma 
patients require multiple prophylactic techniques.[25] Given 
that young patients suffering femoral fracture treated by 
intramedullary nailing are clearly a group at risk of VTE events, 
particular care must be taken to ensure optimal prophylaxis 
during treatment. The available literature would suggest that 
the best approach is to use multiple techniques, including 
chemotherapeutic and mechanical, tailored to the individual 
with risk stratification. The use of agents such as fondaparinux 
may be considered with departmental hematology advice.
cOnclusiOn
This study has demonstrated that IVDU, open fractures, and 
fracture comminution are independent predictors of nonunion 
and or VTE after intramedullary nailing of femoral diaphyseal 
fractures. These risk factors could be used to identify patients 
at risk of such complications potentially allowing preventative 
measures may be employed.
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